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(57) ABSTRACT 
A sensor device includes: a first sensor group (13) in which a 
plurality of first vibration sensors for detecting vibration 
acceleration in one direction with respect to an object to be 
detected are arranged to face the same direction; a phase 
difference calculation unit (220) which, based on a plurality 
of first signals indicating the vibration acceleration detected 
by each of the plurality of first vibration sensors included in 
the first sensor group (13), calculates a first phase difference 
indicating the phase difference between the plurality of first 
signals; and an acceleration calculation unit (230) which, 
using the first phase difference and the plurality of first sig 
nals, calculates vibration acceleration in a first direction per 
pendicular to a surface on which the plurality of first vibration 
sensors are arranged, and vibration acceleration in a second 
direction parallel to the surface on which the plurality of first 
vibration sensors are arranged. 
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Fig. 4 
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Fig. 5 

4t 

ACCELERATION (mis2) /. 

TIME Sec 
(a) SENSOR OUTPUT WAVEFORM 

  



Patent Application Publication Aug. 13, 2015 Sheet 6 of 11 US 2015/0226604 A1 

C 
re 
C 

i 

f 
2. 
O 
CD 

X 

s 

N 
e 

  



Patent Application Publication Aug. 13, 2015 Sheet 7 of 11 US 2015/0226604 A1 

Fig. 7 
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Fig. 8 
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SENSOR DEVICE, VIBRATION DETECTION 
SYSTEM, SENSOR UNIT, INFORMATION 
PROCESSING DEVICE, VIBRATION 

DETECTION METHOD, AND PROGRAM 

TECHNICAL FIELD 

0001. The present invention relates to a sensor device, a 
vibration detection system, a sensor unit, an information pro 
cessing device, a vibration detection method, and a program 
for detecting vibration from an object to be detected. 

BACKGROUND ART 

0002. In recent years, it has been frequently seen that old 
buildings, or machines and electronic devices degraded with 
time fail. Many of these degradation failures occur due to 
mechanical wear or cracks generated by long-time use. Such 
wear degradation or cracks generate unnecessary vibration. 
Thus, in order to predict and prevent grave accidents caused 
by degradation or failures, a sensor for detecting vibration 
generated due to wear degradation or cracks is used in many 
CaSCS. 

0003 Vibrations generated from an object to be detected 
of water piping which is a vibration source or the like include 
not only vibration in a direction perpendicular to a front 
surface of the object to be detected but also vibrations in 
various directions. Thus, to predict and prevent degradation, 
detecting vibrations in various directions is needed. For 
example, as a technology for detecting vibration accelera 
tions in three axial directions, there is developed a technology 
using a piezoelectric acceleration sensor as described in 
Patent Literature 1 (PTL1) or an acceleration sensor using 
MEMS (Micro Electro Mechanical Systems) as described in 
Patent Literature 2 (PTL2). 
0004 Patent Literature 3 (PTL3) discloses a method for 
detecting external forces in X and Y axis directions orthogo 
nal to a detecting direction (Z axis) based on detection outputs 
different from one another in phase and detected by three 
vibration sensors each for detecting vibration acceleration in 
one axial direction. 

CITATION LIST 

Patent Literature 

0005 PTL 1 Japanese Laid-open Patent Publication No. 
2OOO-298.137 
0006 PTL 2 Japanese Laid-open Patent Publication No. 
2010-156704 

0007 PTL3 Japanese Laid-open Patent Publication No. 
He 09-152372 

SUMMARY OF THE INVENTION 

Technical Problem 

0008. However, the acceleration sensor for the three axial 
directions as described in the Patent Literature 1 or 2 (PTL1 or 
PTL2) is generally expensive, and increases manufacturing 
costs of a sensor unit. This increases overall costs of a system 
using the sensor unit. In the Patent Literature 3 (PTL3), the 
inexpensive vibration sensor of the one axial direction is used. 
However, at least three vibration sensors are necessary. For 
this reason, in the Patent Literature 3 (PTL3), there is room 
for cutting costs. 
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0009. It is therefore an object of the present invention to 
provide a sensor device, a vibration detection system, a sensor 
unit, an information processing device, a vibration detection 
method, and a program capable of inexpensively detecting 
vibrations in a plurality of axial directions. 

Solution to Problem 

0010. According to the present invention, there is provided 
a sensor device including: 
0011 a first sensor group in which a plurality of first 
vibration sensors for detecting vibration acceleration in one 
direction with respect to an object to be detected are arranged 
to face the same direction; 
0012 a phase difference calculation unit which, based on 
a plurality of first signals indicating the vibration acceleration 
detected by each of the plurality of first vibration sensors 
included in the first sensor group, calculates a first phase 
difference indicating a phase difference between the plurality 
of first signals; and 
0013 an acceleration calculation unit which, using the 

first phase difference and the plurality of first signals, calcu 
lates vibration acceleration in a first direction perpendicular 
to a surface on which the plurality offirst vibration sensors are 
arranged, and vibration acceleration in a second direction 
parallel to the surface. 
0014. According to the present invention, there is provided 
a vibration detection system including: 
00.15 a sensor unit including a first sensor group in which 
a plurality of first vibration sensors for detecting vibration 
acceleration in one direction with respect to an object to be 
detected are arranged to face the same direction; and 
0016 an information processing device, wherein: 
0017 the sensor unit includes a transmission unit which 
transmits a plurality of first signals indicating the vibration 
acceleration detected by each of the plurality of first vibration 
sensors included in the first sensor group; and 
0018 the information processing device includes: 
0019 a reception unit which receives the plurality of first 
signals: 
0020 a phase difference calculation unit which, based on 
the plurality of first signals, calculates a first phase difference 
indicating a phase difference between the plurality of first 
signals; and 
0021 an acceleration calculation unit which, using the 

first phase difference and the plurality of first signals, calcu 
lates vibration acceleration in a first direction perpendicular 
to a surface on which the plurality offirst vibration sensors are 
arranged, and vibration acceleration in a second direction 
parallel to the surface. 
0022. According to the present invention, there is provided 
a sensor unit including: 
0023 a first sensor group in which a plurality of first 
vibration sensors for detecting vibration acceleration in one 
direction with respect to an object to be detected are arranged 
to face the same direction; and 
0024 a transmission unit which transmits a plurality of 

first signals indicating the vibration acceleration detected by 
each of the plurality of first vibration sensors included in the 
first sensor group to the outside. 
0025. According to the present invention, there is provided 
an information processing device which communicates with 
a sensor unit including a first sensor group in which a plurality 
of first vibration sensors for detecting vibration acceleration 
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in one direction with respect to an object to be detected are 
arranged to face the same direction, 
0026 the information processing device including: 
0027 a reception unit which receives a plurality of first 
signals indicating the vibration acceleration detected by each 
of the plurality of first vibration sensors included in the first 
Sensor group; 
0028 a phase difference calculation unit which, based on 
the plurality of first signals, calculates a first phase difference 
indicating a phase difference between the plurality of first 
signals; and 
0029 an acceleration calculation unit which, using the 

first phase difference and the plurality of first signals, calcu 
lates vibration acceleration in a first direction perpendicular 
to a surface on which the plurality offirst vibration sensors are 
arranged, and vibration acceleration in a second direction 
parallel to the surface. 
0030. According to the present invention, there is provided 
a vibration detection method including: 
0031 by a sensor device including a first sensor group in 
which a plurality of first vibration sensors for detecting vibra 
tion acceleration in one direction with respect to an object to 
be detected are arranged to face the same direction, 
0032 calculating, based on a plurality of first signals indi 
cating the vibration acceleration detected by each of the plu 
rality of first vibration sensors included in the first sensor 
group, a first phase difference indicating a phase difference 
between the plurality of first signals; and 
0033 calculating, using the first phase difference and the 
plurality of first signals, vibration acceleration in a first direc 
tion perpendicular to a surface on which the plurality of first 
vibration sensors are arranged, and vibration acceleration in a 
second direction parallel to the Surface. 
0034. According to the present invention, there is provided 
a vibration detection method achieved by a sensor unit includ 
ing a first sensor group in which a plurality of first vibration 
sensors for detecting vibration acceleration in one direction 
with respect to an object to be detected are arranged to face the 
same direction, and an information processing device, 
0035 the method including: 
0036 by the sensor unit, 
0037 transmitting a plurality of first signals indicating the 
vibration acceleration detected by each of the plurality of first 
vibration sensors included in the first sensor group; and 
0038 by the information processing device, 
0039 receiving the plurality of first signals; 
0040 calculating, based on the plurality of first signals, a 

first phase difference indicating a phase difference between 
the plurality of first signals; and 
0041 calculating, using the first phase difference and the 
plurality of first signals, vibration acceleration in a first direc 
tion perpendicular to a surface on which the plurality of first 
vibration sensors are arranged, and vibration acceleration in a 
second direction parallel to the Surface. 
0042. According to the present invention, there is provided 
a program for causing a sensor device including a first sensor 
group in which a plurality of first vibration sensors for detect 
ing vibration acceleration in one direction with respect to an 
object to be detected are arranged to face the same direction to 
achieve: 

0043 a phase difference calculation function of calculat 
ing, based on a plurality of first signals indicating the vibra 
tion acceleration detected by each of the plurality of first 
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vibration sensors included in the first sensor group, a first 
phase difference indicating a phase difference between the 
plurality of first signals; and 
0044 an acceleration calculation function of calculating, 
using the first phase difference and the plurality of first sig 
nals, vibration acceleration in a first direction perpendicular 
to a surface on which the plurality offirst vibration sensors are 
arranged, and vibration acceleration in a second direction 
parallel to the surface. 
0045. According to the present invention, there is provided 
a program for operating an information processing device 
which communicates with a sensor unit including a first sen 
sor group in which a plurality of first vibration sensors for 
detecting vibration acceleration in one direction with respect 
to an object to be detected are arranged to face the same 
direction, 
0046 the program causing the information processing 
device to achieve: 
0047 a reception function of receiving a plurality of first 
signals indicating the vibration acceleration detected by each 
of the plurality of first vibration sensors included in the first 
Sensor group; 
0048 a phase difference calculation function of calculat 
ing, based on the plurality of first signals, a first phase differ 
ence indicating a phase difference between the plurality of 
first signals; and 
0049 an acceleration calculation function of calculating, 
using the first phase difference and the plurality of first sig 
nals, vibration acceleration in a first direction perpendicular 
to a surface on which the plurality offirst vibration sensors are 
arranged, and vibration acceleration in a second direction 
parallel to the surface. 

Advantageous Effects of Invention 
0050. The present invention provides the sensor device, 
the vibration detection system, the sensor unit, the informa 
tion processing device, the vibration detection method, and 
the program capable of inexpensively detecting vibrations in 
a plurality of axial directions. 

BRIEF DESCRIPTION OF DRAWINGS 

0051. The above and other objects, features and advan 
tages of the present invention will become more apparent 
from the following description of the preferred exemplary 
embodiments of the invention in conjunction with the follow 
ing accompanying drawings. 
0.052 FIG. 1 is a diagram illustrating a configuration 
example of a vibration detection system according to a first 
exemplary embodiment. 
0053 FIG. 2 is a diagram illustrating a device configura 
tion example of a sensor unit according to the first exemplary 
embodiment. 
0054 FIG.3 is a sequential diagram illustrating a process 
ing flow of the vibration detection system according to the 
first exemplary embodiment. 
0055 FIG. 4 is a diagram illustrating a vibration detection 
flow of the sensor unit. 
0056 FIG. 5 is a graph illustrating an example of vibration 
acceleration detected by a first vibration sensor. 
0057 FIG. 6 is a diagram illustrating an example of cal 
culating vibration acceleration in a first direction and vibra 
tion acceleration in a second direction based on a first phase 
difference and each signal included in a first signal group. 
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0058 FIG. 7 is a graph illustrating an acceleration spec 
trum distribution of the vibration acceleration in each of the 
first and second directions acquired based on each signal 
illustrated in FIG. 5. 

0059 FIG. 8 is a diagram illustrating another configura 
tion example of the sensor unit according to the first exem 
plary embodiment. 
0060 FIG. 9 is a diagram illustrating a configuration 
example of a vibration detection system according to a second 
exemplary embodiment. 
0061 FIG. 10 is a diagram illustrating a device configu 
ration example of a sensor unit according to the second exem 
plary embodiment. 
0062 FIG. 11 is a diagram illustrating an example of a 
water leakage detection system using the sensor unit and an 
information processing device according to the present inven 
tion. 

DESCRIPTION OF EMBODIMENTS 

0063 Hereinafter, the exemplary embodiments of the 
present invention will be described with reference to the 
drawings. Throughout the drawings, Substantially the same 
components are denoted by the same or similar reference 
signs, and description thereof will be omitted when allowed. 

First Exemplary Embodiment 

0064 FIG. 1 is a diagram illustrating a configuration 
example of a vibration detection system 1 according to a first 
exemplary embodiment. The vibration detection system 1 
includes a sensor unit 100 and an information processing 
device 200. 

0065. The sensor unit 100 includes a plurality of first 
vibration sensors 12 included in a first sensor group 13, and a 
transmission unit 110. The plurality of first vibration sensors 
12 included in the first sensor group 13 detects vibration 
acceleration of vibration in given one direction (detecting 
direction) generated from an object to be detected in which 
the sensor unit is installed, and converts the vibration accel 
eration into an electric signal. The transmission unit 110 
acquires each signal (first signal) generated for each of the 
first vibration sensors 12 included in the first sensor group 13, 
and transmits the signal to the information processing device 
200 by wireless communication or wire communication. 
0066 FIG. 2 is a diagram illustrating a device configura 
tion example of the sensor unit 100 according to the first 
exemplary embodiment. FIG.2(a) is a perspective view of the 
sensor unit 100, and FIG. 2(b) is a sectional view along with 
surface A-A of the sensor unit 100. The sensor unit 100 
includes a unit casing 11, and first vibration sensors 12a and 
12b. The first vibration sensors 12a and 12b are arranged in 
parallel as a first sensor group 13 to face the same direction. In 
the present exemplary embodiment, the first sensor group 13 
includes two first vibration sensors 12. However, three or 
more first vibration sensors 12 may be included. In such a 
case, the first vibration sensors 12 are similarly arranged in 
parallel to face the same direction. 
0067. According to the present exemplary embodiment, 
the first vibration sensors 12a and 12b detect vibration of the 
unit casing 11 in a vertical direction. As the first vibration 
sensors 12a and 12b, though there are no particular restric 
tions, for example, a piezoelectric vibration sensor using a 
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polarization change caused by bending of piezoelectric 
ceramics can be employed. In such a piezoelectric vibration 
sensor, one end of the piezoelectric ceramics is secured to a 
Support, while the other end is an open end. A Voltage is 
generated when the open end side of the piezoelectric ceram 
ics vibrates, and a signal indicating the vibration acceleration 
is generated. For structures of the first vibration sensors 12a 
and 12b, though there are no particular restrictions, a uni 
morph type in which piezoelectric ceramics is bonded to one 
Surface of a metallic shim material, a bimorph type in which 
piezoelectric ceramics is bonded to both surfaces of the 
metallic shim material, or a structure Sandwiching a polymer 
film between the metallic shim material and a peripheral fixed 
ring to enlarge vibration may be employed. The first vibration 
sensors 12a and 12b are preferably arranged with a space 
from each other as much as possible to increase a difference 
between signals generated at the first vibration sensors 12a 
and 12b. 

0068. The sensor unit 100 is installed in an object to be 
detected which is a vibration source. Such as water piping. As 
an installing method of the sensor unit 100, a method for 
installing the sensor unit 100 at a metal part of the object to be 
detected by a magnet (not illustrated) fitted to a bottom sur 
face of the sensor unit 100 may be used. However, the method 
is not limited to this. As the installing method of the sensor 
unit 100, any method such as a bonding method using a 
polymer adhesive material or the like may be used as long as 
the method does not suppress vibration from the object to be 
detected. 

0069. The information processing device 200 includes a 
reception unit 210, a phase difference calculation unit 220, 
and an acceleration calculation unit 230. The reception unit 
210 receives a plurality of first signals transmitted from the 
transmission unit 110 of the sensor unit 100. The phase dif 
ference calculation unit 220 calculates, based on a difference 
between the plurality of first signals, a first phase difference 
indicating a phase difference between the plurality of first 
signals. When the first sensor group 13 includes three or more 
first vibration sensors 12, for example, the phase difference 
calculation unit 220 calculates a phase difference between 
first signals detected by the first vibration sensors 12 adjacent 
to each other, and acquires an average value or an intermedi 
ate value thereof to calculate a first phase difference. The 
acceleration calculation unit 230 calculates, based on the first 
phase difference and the plurality of first signals, vibration 
acceleration in a first direction and vibration acceleration in a 
second direction. The first direction is a direction perpendicu 
lar to a surface on which the plurality of first vibration sensors 
are arranged. The sensor unit 100 is installed in the object to 
be detected so that, for example, the first direction can be 
perpendicular to a propagating direction of vibration in the 
object to be detected. The second direction is a direction 
parallel to the surface on which the plurality of first vibration 
sensors 12 are arranged. The sensor unit 100 is installed in the 
object to be detected so that, for example, the second direction 
can be parallel to the propagating direction of the vibration in 
the object to be detected. 
0070 The components of the sensor unit 100 and the infor 
mation processing device 200 illustrated in each diagram 
indicate not hardware unit components but functional unit 
blocks. The components of the sensor unit 100 and the infor 
mation processing device 200 are achieved by an arbitrary 
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combination of hardware and Software mainly including a 
CPU and a memory of an arbitrary computer, a program for 
achieving the illustrated components loaded to the memory, a 
storage medium such as a hard disk for storing the program, 
and a network connection interface. There are various modi 
fication examples of the achieving method and the device. 
0071 FIG.3 is a sequential diagram illustrating a process 
ing flow of the vibration detection system 1 according to the 
first exemplary embodiment. 
0072 The sensor unit 100 generates first signals indicating 
the vibration acceleration of vibration detected by each of the 
first vibration sensors 12a and 12b included in the first sensor 
group (step S102). 
0073. A flow of detecting vibration by the sensor unit 100 
will be described referring to FIG. 4. FIG. 4(a) is a sectional 
view of the sensor unit 100, and FIG. 4(b) is a sectional view 
of the sensor unit 100 when vibration occurs in the object to 
be detected. 

0074. When vibration occurs in the object to be detected, 
since rigidity of the bottom surface of the sensor unit 100 is 
extremely high, the entire sensor unit 100 is accompanied by 
rotation as in the case of the unit casing 11 illustrated in FIG. 
4(b). In this case, the first vibration sensors 12a and 12b detect 
vibrations in arrow directions illustrated in FIG. 4(b). Since 
vibration propagated to the object to be detected such as water 
piping includes horizontal vibration acceleration of the unit 
casing 11 in addition to perpendicular vibration acceleration 
of the unit casing 11, a time lag is generated between signals 
generated at the first vibration sensors 12a and 12b provided 
therein. FIG. 5 is a graph illustrating an example of vibration 
acceleration detected by the first vibration sensors 12a and 
12b. In the example illustrated in FIG. 5, a waveform indi 
cated by a solid line represents a first signal 501 indicating the 
vibration acceleration detected by the first vibration sensor 
12a, and a waveform indicated by a dotted line represents a 
first signal 502 indicating the vibration acceleration detected 
by the first vibration sensor 12a. 
0075. The sensor unit 100 amplifies the first signals 
respectively generated by the first vibration sensors 12a and 
12bby a signal amplification circuit not illustrated, and trans 
mits the amplified signals to the information processing 
device 200 (step S104). Each first signal is preferably ampli 
fied before a phase difference is calculated, and the informa 
tion processing device 200 may include a signal amplification 
circuit and amplify each first signal. 
0076. The information processing device 200 calculates, 
based on the received first signals, a first phase difference 
indicating a phase difference between the first signals (step 
S106). Specifically, the information processing device 200 
can calculate a propagating speed V of vibration with respect 
to the object to be detected based on the signals generated by 
the first vibration sensors 12a and 12b. Then, the information 
processing device 200 can calculate, based on the propagat 
ing speed V of vibration and a time difference At between the 
first signals generated by the first vibration sensors 12a and 
12b, a distance L of a wave horizontally propagated during 
the time difference At. The information processing device 200 
calculates a phase difference (first phase difference) based on 
the distance L and a distanced between the first vibration 
sensors 12a and 12b as illustrated in FIG. 6. The time differ 
ence At can be calculated based on a difference in time of 
taking maximum values between the signals, for example, as 
illustrated in FIG. 5. The phase difference is calculated based 
on the following Formula 1. 
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Equation 1 

if L (Formula 1) 
6 = cos "() 

0077. The information processing device 200 calculates, 
based on the first phase difference calculated in step S106 and 
the first signals, vibration acceleration in the first direction 
and vibration acceleration in the second direction (step S108). 
FIG. 6 is a diagram illustrating an example of calculating 
vibration acceleration in the first direction and vibration 
acceleration in the second direction based on the first phase 
difference and the first signals. FIG. 6 illustrates an inclined 
state of the unit casing 11 caused by vibration from the object 
to be detected. This is an instantaneous illustration of the state 
of the sensor unit 100 to which the vibration is propagated. 
Accordingly, in FIG. 6, the first direction is a Z direction 
which is a perpendicular direction on a paper Surface, while 
the second direction is an X direction which is a horizontal 
direction on the paper surface. In FIG. 6, a vibration detection 
direction of the first vibration sensors 12a and 12b when the 
unit casing 11 inclines is indicated by Z. 
(0078. In FIG. 6, the vibration acceleration detected by the 
first vibration sensors 12a and 12b is indicated by an arrow C. 
A relationship between the vibration acceleration C. and 
vibration acceleration B in the first direction and vibration 
acceleration Y in the second direction separated from the 
vibration acceleration C. is represented by the following For 
mula 2 and Formula 3. In the equations, 0 denotes the first 
phase difference calculated in step S106. 

Equation 2 

-- (Formula 2) 
f3 = sine 

--- (Formula3) 
y = tane 

(0079. From the vibration acceleration B in the first direc 
tion and the vibration acceleration Y in the second direction 
separated by using the relationship represented by the equa 
tions (2) and (3), acceleration spectrum 503 in the first direc 
tion and acceleration spectrum 504 in the second direction as 
illustrated in FIG. 7 can be acquired. The acceleration spec 
trum 503 in the first direction and the acceleration spectrum 
504 in the second direction can be acquired by Fourier-trans 
forming time waveforms indicated by the vibration accelera 
tion f3 in the first direction and the vibration acceleration Y in 
the second direction into respective frequencies. 
0080 Thus, according to the present exemplary embodi 
ment, the first vibration sensors 12a and 12b arranged in 
parallel to face the same direction so as to detect vibrations in 
the same direction generate first signals indicating the vibra 
tion acceleration detected from the object to be detected. 
Then, the first signals generated by the first vibration sensors 
12a and 12b are transmitted to the information processing 
device 200. The phase difference (first phase difference) is 
calculated based on the difference between the first signals 
received by the information processing device 200. Then, 
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based on the first phase difference and the first signals, the 
vibration acceleration in the first direction and the vibration 
acceleration in the second direction are calculated. Thus, by 
using the inexpensive vibration sensor of the one axial direc 
tion, vibrations in the two axial directions can be detected, 
and costs of the sensor unit which detects degradation of the 
object to be detected by the vibration can be reduced. As a 
result, costs of the vibration detection system can be reduced. 
0081. By installing the piezoelectric vibration sensor as 
illustrated in FIG. 2, a height of the unit casing 11 can be 
Suppressed to be shorter than that in the case of longitudinally 
installing the vibration sensor as in the Patent Literature 3 
(PTL3), and the sensor unit 100 can be manufactured more 
compact. 
0082. The present exemplary embodiment has been 
described by way of example where the vibration detection 
system 1 includes the sensor unit 100 and the information 
processing device 200 as separate devices. However, the 
vibration detection system 1 may be configured by including 
one device (sensor device) including each processing unit 
illustrated in FIG.1. In this case, the same effects as those of 
the vibration detection system 1 described above can be pro 
vided. 
0083. According to the exemplary embodiment, for 
example, as illustrated in FIG. 8, the sensor unit 100 may 
include each processing unit of the information processing 
device 200. Thus, without transmitting any of the plurality of 
first signals to the information processing device 200 via the 
transmission unit 102, the same effects as those of the vibra 
tion detection system 1 can be provided only by the sensor 
unit 100. 

Second Exemplary Embodiment 
0084. The present exemplary embodiment is similar to the 

first exemplary embodiment except for the following points. 
0085 FIG. 9 is a diagram illustrating a configuration 
example of a vibration detection system 1 according to the 
second exemplary embodiment. A sensor unit 100 according 
to the present exemplary embodiment further includes a plu 
rality of second vibration sensors 21 included in a second 
sensor group 22. A transmission unit 110 further acquires a 
plurality of second signals indicating the vibration accelera 
tion detected by each of the plurality of second vibration 
sensors included in the second sensor group, and transmits the 
second signals to an information processing device 200. 
I0086 A reception unit 210 further receives the plurality of 
second signals generated for each of the second vibration 
sensors 21 included in the second sensor group 22. A phase 
difference calculation unit 220 calculates, based on the plu 
rality of second signals, a second phase difference indicating 
a phase difference between the plurality of second signals. An 
acceleration calculation unit 230 calculates, based on the 
second phase difference and the second signals, vibration 
acceleration in a first direction and vibration acceleration in a 
third direction different from first and second directions. 
0087 FIG. 10 is a diagram illustrating a device configu 
ration example of the sensor unit 100 according to the second 
exemplary embodiment. FIG. 10(a) is a perspective view of 
the sensor unit 100, and FIG. 10(b) is a sectional view along 
with surface A-A of the sensor unit 100. The sensor unit 100 
according to the present exemplary embodiment includes, in 
addition to those of the first exemplary embodiment, second 
vibration sensors 21a and 21b as a second sensor group 22. 
The second vibration sensors 21a and 21b arearranged to face 
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the same direction each other as that of first vibration sensors 
12a and 12b included in a first sensor group 13. The second 
vibration sensors 21a and 21b are arranged side by side in a 
direction different from a direction in which the first vibration 
sensors 12a and 12b are arranged whena Surface on which the 
first vibration sensors 12a and 12b are arranged is seen from 
a perpendicular direction. Accordingly, the acceleration cal 
culation unit 230 can calculate vibration acceleration in the 
third direction as in the case of the first sensor group 13. The 
second sensor group 22 according to the present exemplary 
embodiment includes two second vibration sensors 21. How 
ever, three or more second vibration sensors 21 may be 
included. In Such a case, the second vibration sensors 21 are 
similarly arranged in parallel to face the same direction. FIG. 
10 illustrates an example where the first vibration sensors 12a 
and 12b and the second vibration sensors 21a and 21b are 
disposed one over the other. However, a positional relation 
ship between the first vibration sensors 12a and 12b and the 
second vibration sensors 21a and 21b is not limited to the 
example. For example, the first vibration sensors 12a and 12b 
and the second vibration sensors 21a and 21b may be 
arranged on the same plane. 
I0088. In the present exemplary embodiment, the second 
sensor group 22 is disposed by changing a direction of the first 
sensor group 13. A processing flow concerning the second 
sensor group 22 is similar to that of the first exemplary 
embodiment, and thus description thereof will be omitted. 
According to the present exemplary embodiment, the infor 
mation processing device 200 receives the plurality of second 
signals indicating the vibration acceleration detected by each 
of the second vibration sensors 21a and 21b included in the 
second sensor group 22. Then, the information processing 
device 200 calculates a phase difference (second phase dif 
ference) based on a difference between the second signals. By 
substituting the calculated second phase difference for 0 of 
the Formula 2, vibration acceleration in the third direction can 
be further calculated. In the example illustrated in FIG. 10, 
when a surface on which the first vibration sensors 12a and 
12b are arranged is seen from the perpendicular direction, a 
direction in which the first vibration sensors 12a and 12b are 
arranged and a direction in which the second vibration sen 
sors 21a and 21b are arranged are orthogonal to each other. In 
this case, the calculated first, second, and third directions are 
orthogonal to one another. 
I0089. Thus, according to the present exemplary embodi 
ment, in addition to the vibration accelerations in the first and 
second directions, the vibration acceleration in the third 
direction can be further calculated. As a result, a vibration 
detection system capable of detecting vibrations in three axial 
directions by using an inexpensive vibration sensor of a one 
axial direction even without using any expensive triaxial sen 
Sor can be constructed. 
0090. By installing a piezoelectric vibration sensor as 
illustrated in FIG. 10, a height of the unit casing 11 can be 
Suppressed to be shorter than that in the case of longitudinally 
installing the vibration sensor as in the Patent Literature 3 
(PTL3), and the sensor unit 100 can be manufactured more 
compact. 
0091. According to the present exemplary embodiment, as 
described in the first exemplary embodiment, one sensor 
device including both the sensor unit 100 and the information 
processing device 200 can provide the same effects as those 
described above. As described in the first exemplary embodi 
ment, when the sensor unit 100 includes each processing unit 
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of the information processing device 200, the above-men 
tioned effects can be provided only by the sensor unit 100. 
0092. The exemplary embodiments of the present inven 
tion have been described with reference to the drawings. 
However, these are only examples of the present invention, 
and various configurations other than those above can be 
employed. For example, for convenience, in each exemplary 
embodiment, the configuration example where the numbers 
of the sensor unit 100 or the information processing device 
200 are respectively one has been described. However, a 
configuration including a plurality of sensor units 100 or 
information processing devices 200 may be employed. 
0093. The sensor unit 100 according to each of the above 
exemplary embodiments can be installed in water piping to be 
used, for example, as illustrated in FIG. 11. FIG. 11 is a 
diagram illustrating an example of a water leakage detection 
system using the sensor unit 100 and the information process 
ing device 200 according to the present invention. In this case, 
the sensor unit 100 detects vibration from the water piping, 
and transmits each signal indicating the vibration accelera 
tion of the vibration to the information processing device 200. 
The information processing device 200 calculates vibration 
acceleration in each direction based on first and second sig 
nals indicating vibrations detected by the sensor unit 100. 
Then, based on the vibration acceleration in each direction 
calculated by the information processing device 200, it is 
determined whether the vibration generated in the water pip 
ing is due to water leakage or not. 
0094. In the sequential diagram used in the above descrip 
tion, a plurality of steps (processes) is described in order. 
However, the execution order of the steps to be executed in 
each exemplary embodiment is not limited to the described 
order. In each exemplary embodiment, the order of the illus 
trated steps can be changed within the scope of not changing 
any contents. The exemplary embodiments can be combined 
within the scope of not being contradictory to one another in 
COntent. 

0095 Examples of reference modes for supplemental 
notes are described as follows: 
1. A sensor device including: 
0096 a first sensor group in which a plurality of first 
vibration sensors for detecting vibration acceleration in one 
direction with respect to an object to be detected are arranged 
to face the same direction; 
0097 a phase difference calculation unit which, based on 
a plurality of first signals indicating the vibration acceleration 
detected by each of the plurality of first vibration sensors 
included in the first sensor group, calculates a first phase 
difference indicating a phase difference between the plurality 
of first signals; and 
0098 an acceleration calculation unit which, using the 

first phase difference and the plurality of first signals, calcu 
lates vibration acceleration in a first direction perpendicular 
to a surface on which the plurality offirst vibration sensors are 
arranged, and vibration acceleration in a second direction 
parallel to the surface. 
2. The sensor device according to 1, wherein: 
0099 the first direction is a direction perpendicular to a 
propagating direction of vibration generated in the object to 
be detected; and 
0100 the second direction is a direction parallel to the 
propagating direction. 
3. The sensor device according to 1 or 2, further including a 
second sensor group in which a plurality of second vibration 
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sensors for detecting vibration acceleration in one direction 
with respect to the object to be detected are arranged side by 
side in a direction different from that in which the plurality of 
first vibration sensors are arranged when the Surface is seen 
from a perpendicular direction, wherein: 
0101 the phase difference calculation unit further calcu 
lates, based on a plurality of second signals indicating the 
vibration acceleration detected by each of the plurality of 
second vibration sensors included in the second sensor group, 
a second phase difference indicating a phase difference 
between the plurality of second signals; and 
0102 the acceleration calculation unit further calculates, 
based on the second phase difference and the plurality of 
second signals, vibration acceleration in a third direction 
different from the first and second directions. 

4. The sensor device according to 3, wherein when the surface 
is seen from the perpendicular direction, the direction in 
which the plurality of first vibration sensors are arranged and 
the direction in which the second vibration sensors are 
arranged are orthogonal to each other. 
5. The sensor device according to any one of 1 to 4, wherein 
the vibration sensor is a piezoelectric vibration sensor. 
6. The sensor device according to any one of 1 to 5, wherein 
the object to be detected is water piping. 
7. A vibration detection system including: 
0103 a sensor unit including a first sensor group in which 
a plurality of first vibration sensors for detecting vibration 
acceleration in one direction with respect to an object to be 
detected are arranged to face the same direction; and 
0104 an information processing device, wherein: 
0105 the sensor unit includes a transmission unit which 
transmits a plurality of first signals indicating the vibration 
acceleration detected by each of the plurality of first vibration 
sensors included in the first sensor group; and 
0106 the information processing device includes: 
0107 a reception unit which receives the plurality of first 
signals: 
0.108 a phase difference calculation unit which, based on 
the plurality of first signals, calculates a first phase difference 
indicating a phase difference between the plurality of first 
signals; and 
0109 an acceleration calculation unit which, using the 

first phase difference and the plurality of first signals, calcu 
lates vibration acceleration in a first direction perpendicular 
to a surface on which the plurality offirst vibration sensors are 
arranged, and vibration acceleration in a second direction 
parallel to the surface. 
8. The vibration detection system according to 7, wherein: 
0110 the first direction is a direction perpendicular to a 
propagating direction of vibration generated in the object to 
be detected; and 
0111 the second direction is a direction parallel to the 
propagating direction. 
9. The vibration detection system according to 7 or 8, 
wherein: 

0112 the sensor unit further includes a second sensor 
group in which a plurality of second vibration sensors for 
detecting vibration acceleration in one direction with respect 
to the object to be detected are arranged side by side in a 
direction different from that in which the plurality of first 
vibration sensors are arranged when the Surface is seen from 
a perpendicular direction; 
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0113 the transmission unit further transmits a plurality of 
second signals indicating the vibration acceleration detected 
by each of the plurality of second vibration sensors included 
in the second sensor group; 
0114 the reception unit further receives the plurality of 
Second signals; 
0115 the phase difference calculation unit further calcu 

lates, based on the plurality of second signals, a second phase 
difference indicating a phase difference between the plurality 
of second signals; and 
0116 the acceleration calculation unit further calculates, 
based on the second phase difference and the plurality of 
second signals, vibration acceleration in a third direction 
different from the first and second directions. 
10. The vibration detection system according to 9, wherein 
when the surface is seen from the perpendicular direction, the 
direction in which the plurality of first vibration sensors are 
arranged and the direction in which the second vibration 
sensors are arranged are orthogonal to each other. 
11. The vibration detection system according to any one of 7 
to 10, wherein the vibration sensor is a piezoelectric vibration 
SSO. 

12. The vibration detection system according to any one of 7 
to 11, wherein the object to be detected is water piping. 
13. A sensor unit including: 
0117 a first sensor group in which a plurality of first 
vibration sensors for detecting vibration acceleration in one 
direction with respect to an object to be detected are arranged 
to face the same direction; and 
0118 a transmission unit which transmits a plurality of 

first signals indicating the vibration acceleration detected by 
each of the plurality of first vibration sensors included in the 
first sensor group to the outside. 
14. The sensor unit according to 13, further including a sec 
ond sensor group in which a plurality of second vibration 
sensors for detecting vibration acceleration in one direction 
with respect to the object to be detected are arranged side by 
side in a direction different from that in which the plurality of 
first vibration sensors are arranged when a surface on which 
the plurality of first vibration sensors are arranged is seen 
from a perpendicular direction, 
0119 wherein the transmission unit further transmits a 
plurality of second signals indicating the vibration accelera 
tion detected by each of the plurality of second vibration 
sensors included in the second sensor group. 
15. The sensor unit according to 14, wherein when the surface 
is seen from the perpendicular direction, the direction in 
which the plurality of first vibration sensors are arranged and 
the direction in which the second vibration sensors are 
arranged are orthogonal to each other. 
16. The sensor unit according to any one of 13 to 15, wherein 
the vibration sensor is a piezoelectric vibration sensor. 
17. The sensor unit according to any one of 13 to 16, wherein 
the object to be detected is water piping. 
18. An information processing device which communicates 
with a sensor unit including a first sensor group in which a 
plurality of first vibration sensors for detecting vibration 
acceleration in one direction with respect to an object to be 
detected are arranged to face the same direction, 
0120 the information processing device including: 
0121 a reception unit which receives a plurality of first 
signals indicating the vibration acceleration detected by each 
of the plurality of first vibration sensors included in the first 
Sensor group; 
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I0122) a phase difference calculation unit which, based on 
the plurality of first signals, calculates a first phase difference 
indicating a phase difference between the plurality of first 
signals; and 
I0123 an acceleration calculation unit which, using the 
first phase difference and the plurality of first signals, calcu 
lates vibration acceleration in a first direction perpendicular 
to a surface on which the plurality offirst vibration sensors are 
arranged, and vibration acceleration in a second direction 
parallel to the surface. 
19. The information processing device according to 18, 
wherein: 
0.124 the sensor unit further includes a second sensor 
group in which a plurality of second vibration sensors for 
detecting vibration acceleration in one direction with respect 
to the object to be detected are arranged side by side in a 
direction different from that in which the plurality of first 
vibration sensors are arranged when the Surface is seen from 
a perpendicular direction; 
0.125 the reception unit further receives a plurality of sec 
ond signals indicating the vibration acceleration detected by 
each of the plurality of second vibration sensors included in 
the second sensor group; 
0.126 the phase difference calculation unit further calcu 
lates, based on the plurality of second signals, a second phase 
difference indicating a phase difference between the plurality 
of second signals; and 
0127 the acceleration calculation unit further calculates, 
based on the second phase difference and the plurality of 
second signals, vibration acceleration in a third direction 
different from the first and second directions. 
20. A vibration detection method including: 
0128 by a sensor device including a first sensor group in 
which a plurality of first vibration sensors for detecting vibra 
tion acceleration in one direction with respect to an object to 
be detected are arranged to face the same direction, 
I0129 calculating, based on a plurality of first signals indi 
cating the vibration acceleration detected by each of the plu 
rality of first vibration sensors included in the first sensor 
group, a first phase difference indicating a phase difference 
between the plurality of first signals; and 
0.130 calculating, using the first phase difference and the 
plurality of first signals, vibration acceleration in a first direc 
tion perpendicular to a surface on which the plurality of first 
vibration sensors are arranged, and vibration acceleration in a 
second direction parallel to the Surface. 
21. The vibration detection method according to 20, wherein: 
I0131 the first direction is a direction perpendicular to a 
propagating direction of vibration generated in the object to 
be detected; and 
I0132 the second direction is a direction parallel to the 
propagating direction. 
22. The vibration detection method according to 20 or 21, 
0.133 the sensor device further including a second sensor 
group in which a plurality of second vibration sensors for 
detecting vibration acceleration in one direction with respect 
to the object to be detected are arranged side by side in a 
direction different from that in which the plurality of first 
vibration sensors are arranged when the Surface is seen from 
a perpendicular direction, 
0.134 the method further including: 
0.135 further calculating, by the sensor device, a second 
phase difference indicating a phase difference between a plu 
rality of second signals based on the plurality of second 
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signals indicating the vibration acceleration detected by each 
of the plurality of second vibration sensors included in the 
second sensor group; and 
0.136 further calculating, by the acceleration calculation 

unit, vibration acceleration in a third direction different from 
the first and second directions based on the second phase 
difference and the plurality of second signals. 
23. The vibration detection method according to 22, wherein 
when the surface is seen from the perpendicular direction, the 
direction in which the plurality of first vibration sensors are 
arranged and the direction in which the second vibration 
sensors are arranged are orthogonal to each other. 
24. The vibration detection method according to any one of 20 
to 23, wherein the vibration sensor is a piezoelectric vibration 
SSO. 

25. The vibration detection method according to any one of 20 
to 24, wherein the object to be detected is water piping. 
26. A vibration detection method achieved by a sensor unit 
including a first sensor group in which a plurality of first 
vibration sensors for detecting vibration acceleration in one 
direction with respect to an object to be detected are arranged 
to face the same direction, and an information processing 
device, 
0.137 the method including: 
0138 by the sensor unit, 
0139 transmitting a plurality of first signals indicating the 
vibration acceleration detected by each of the plurality of first 
vibration sensors included in the first sensor group; and 
0140 by the information processing device, 
0141 receiving the plurality of first signals; 
0142 calculating, based on the plurality of first signals, a 

first phase difference indicating a phase difference between 
the plurality of first signals; and 
0143 calculating, using the first phase difference and the 
plurality of first signals, vibration acceleration in a first direc 
tion perpendicular to a surface on which the plurality of first 
vibration sensors are arranged, and vibration acceleration in a 
second direction parallel to the Surface. 
27. The vibration detection method according to 26, wherein: 
0144 the first direction is a direction perpendicular to a 
propagating direction of vibration generated in the object to 
be detected; and 
0145 the second direction is a direction parallel to the 
propagating direction. 
28. The vibration detection method according to 26 or 27, 
0146 the sensor unit further including a second sensor 
group in which a plurality of second vibration sensors for 
detecting vibration acceleration in one direction with respect 
to the object to be detected are arranged side by side in a 
direction different from that in which the plurality of first 
vibration sensors are arranged when the Surface is seen from 
a perpendicular direction, 
0147 the method further including: 
0148 by the sensor unit, 
0149 further transmitting a plurality of second signals 
indicating the vibration acceleration detected by each of the 
plurality of second vibration sensors included in the second 
sensor group; and 
0150 by the information processing device, 
0151 further receiving the plurality of second signals: 
0152 further calculating, based on the plurality of second 
signals, a second phase difference indicating a phase differ 
ence between the plurality of second signals; and 
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0153 further calculating, based on the second phase dif 
ference and the plurality of second signals, vibration accel 
eration in a third direction different from the first and second 
directions. 
29. The vibration detection method according to 28, wherein 
when the surface is seen from the perpendicular direction, the 
direction in which the plurality of first vibration sensors are 
arranged and the direction in which the second vibration 
sensors are arranged are orthogonal to each other. 
30. The vibration detection method according to any one of 26 
to 29, wherein the vibration sensor is a piezoelectric vibration 
SSO. 

31. The vibration detection method according to any one of 26 
to 30, wherein the object to be detected is water piping. 
32. A program for causing a sensor device including a first 
sensor group in which a plurality of first vibration sensors for 
detecting vibration acceleration in one direction with respect 
to an object to be detected are arranged to face the same 
direction to achieve: 
0154) a phase difference calculation function of calculat 
ing, based on a plurality of first signals indicating the vibra 
tion acceleration detected by each of the plurality of first 
vibration sensors included in the first sensor group, a first 
phase difference indicating a phase difference between the 
plurality of first signals; and 
0155 an acceleration calculation function of calculating, 
using the first phase difference and the plurality of first sig 
nals, vibration acceleration in a first direction perpendicular 
to a surface on which the plurality offirst vibration sensors are 
arranged, and vibration acceleration in a second direction 
parallel to the surface. 
33. The program according to 32, 
0156 the sensor device further including a second sensor 
group in which a plurality of second vibration sensors for 
detecting vibration acceleration in one direction with respect 
to the object to be detected are arranged side by side in a 
direction different from that in which the plurality of first 
vibration sensors are arranged when the Surface is seen from 
a perpendicular direction, 
0157 the program further causing the sensor device to 
achieve: 
0158 a function of further calculating, based on a plurality 
of second signals indicating the vibration acceleration 
detected by each of the plurality of second vibration sensors 
included in the second sensor group, a second phase differ 
ence indicating a phase difference between the plurality of 
second signals; and 
0159 a function of further calculating, based on the sec 
ond phase difference and the plurality of second signals, 
vibration acceleration in a third direction different from the 
first and second directions. 
34. A program for operating an information processing device 
which communicates with a sensor unit including a first sen 
sor group in which a plurality of first vibration sensors for 
detecting vibration acceleration in one direction with respect 
to an object to be detected are arranged to face the same 
direction, 
0160 the program causing the information processing 
device to achieve: 
0.161 a reception function of receiving a plurality of first 
signals indicating the vibration acceleration detected by each 
of the plurality of first vibration sensors included in the first 
Sensor group; 
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0162 a phase difference calculation function of calculat 
ing, based on the plurality of first signals, a first phase differ 
ence indicating a phase difference between the plurality of 
first signals; and 
0163 an acceleration calculation function of calculating, 
using the first phase difference and the plurality of first sig 
nals, vibration acceleration in a first direction perpendicular 
to a surface on which the plurality offirst vibration sensors are 
arranged, and vibration acceleration in a second direction 
parallel to the surface. 
35. The program according to 34, 
0164 the sensor unit further including a second sensor 
group in which a plurality of second vibration sensors for 
detecting vibration acceleration in one direction with respect 
to the object to be detected are arranged side by side in a 
direction different from that in which the plurality of first 
vibration sensors are arranged when the Surface is seen from 
a perpendicular direction, 
0.165 the program further causing the information pro 
cessing device to achieve: 
0166 a function of further receiving a plurality of second 
signals indicating the vibration acceleration detected by each 
of the plurality of second vibration sensors included in the 
second sensor group; 
0167 a function of further calculating, based on the plu 

rality of second signals, a second phase difference indicating 
a phase difference between the plurality of second signals; 
and 
0168 a function of further calculating, based on the sec 
ond phase difference and the plurality of second signals, 
vibration acceleration in a third direction different from the 
first and second directions. 
0169. This application is based upon and claims the ben 

efit of priority from Japanese Patent Application No. 2012 
217512, filed on Sep. 28, 2012, the disclosure of which is 
incorporated herein in its entirety by reference. 
What is claimed is: 
1. A sensor device comprising: 
a first sensor group in which a plurality of first vibration 

sensors for detecting vibration acceleration in one direc 
tion with respect to an object to be detected are arranged 
to face the same direction; 

a phase difference calculation unit which, based on a plu 
rality of first signals indicating the vibration acceleration 
detected by each of the plurality of first vibration sensors 
included in the first sensor group, calculates a first phase 
difference indicating a phase difference between the 
plurality of first signals; and 

an acceleration calculation unit which, using the first phase 
difference and the plurality of first signals, calculates 
vibration acceleration in a first direction perpendicular 
to a surface on which the plurality of first vibration 
sensors are arranged, and vibration acceleration in a 
second direction parallel to the Surface. 

2. The sensor device according to claim 1, wherein: 
the first direction is a direction perpendicular to a propa 

gating direction of vibration generated in the object to be 
detected; and 

the second direction is a direction parallel to the propagat 
ing direction. 

3. The sensor device according to claim 1, further compris 
ing a second sensor group in which a plurality of second 
vibration sensors for detecting vibration acceleration in one 
direction with respect to the object to be detected are arranged 
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side by side in a direction different from that in which the 
plurality of first vibration sensors are arranged when the 
Surface is seen from a perpendicular direction, wherein: 

the phase difference calculation unit further calculates, 
based on a plurality of second signals indicating the 
vibration acceleration detected by each of the plurality 
of second vibration sensors included in the second sen 
Sor group, a second phase difference indicating a phase 
difference between the plurality of second signals; and 

the acceleration calculation unit further calculates, based 
on the second phase difference and the plurality of sec 
ond signals, vibration acceleration in a third direction 
different from the first and second directions. 

4. The sensor device according to claim 3, wherein when 
the surface is seen from the perpendicular direction, the direc 
tion in which the plurality of first vibration sensors are 
arranged and the direction in which the second vibration 
sensors are arranged are orthogonal to each other. 

5. The sensor device according to claim 1, wherein the 
vibration sensor is a piezoelectric vibration sensor. 

6. The sensor device according to claim 1, wherein the 
object to be detected is water piping. 

7. A vibration detection system comprising: 
a sensor unit including the sensor device according to claim 

1; and 
an information processing device, wherein: 
the sensor unit includes a transmission unit which trans 

mits the plurality of first signals indicating the vibration 
acceleration detected by each of the plurality of first 
vibration sensors included in the first sensor group; and 

the information processing device includes: 
a reception unit which receives the plurality of first signals; 
a phase difference calculation unit which, based on the 

plurality of first signals, calculates the first phase differ 
ence indicating the phase difference between the plural 
ity of first signals; and 

an acceleration calculation unit which, using the first phase 
difference and the plurality of first signals, calculates 
vibration acceleration in the first direction perpendicular 
to the surface on which the plurality of first vibration 
sensors are arranged, and vibration acceleration in the 
second direction parallel to the Surface. 

8.-18. (canceled) 
19. A vibration detection method including: 
by a sensor device including a first sensor group in which a 

plurality of first vibration sensors for detecting vibration 
acceleration in one direction with respect to an object to 
be detected are arranged to face the same direction, 

calculating, based on a plurality of first signals indicating 
the vibration acceleration detected by each of the plu 
rality of first vibration sensors included in the first sensor 
group, a first phase difference indicating a phase differ 
ence between the plurality of first signals; and 

calculating, using the first phase difference and the plural 
ity of first signals, vibration acceleration in a first direc 
tion perpendicular to a surface on which the plurality of 
first vibration sensors are arranged, and vibration accel 
eration in a second direction parallel to the Surface. 

20. The vibration detection method according to claim 19, 
wherein: 

the first direction is a direction perpendicular to a propa 
gating direction of vibration generated in the object to be 
detected; and 



US 2015/0226604 A1 

the second direction is a direction parallel to the propagat 
ing direction. 

21. The vibration detection method according to claim 19, 
the sensor device further including a second sensor group 

in which a plurality of second vibration sensors for 
detecting vibration acceleration in one direction with 
respect to the object to be detected are arranged side by 
side in a direction different from that in which the plu 
rality of first vibration sensors are arranged when the 
Surface is seen from a perpendicular direction, 

the method further including: 
further calculating, by the sensor device, a second phase 

difference indicating a phase difference between a plu 
rality of second signals based on the plurality of second 
signals indicating the vibration acceleration detected by 
each of the plurality of second vibration sensors 
included in the second sensor group; and 

further calculating, by the acceleration calculation unit, 
vibration acceleration in a third direction different from 
the first and second directions based on the second phase 
difference and the plurality of second signals. 

22. The vibration detection method according to claim 21, 
wherein when the surface is seen from the perpendicular 
direction, the direction in which the plurality of first vibration 
sensors are arranged and the direction in which the second 
vibration sensors are arranged are orthogonal to each other. 

23. The vibration detection method according to claim 19, 
wherein the vibration sensor is a piezoelectric vibration sen 
SO. 

24. The vibration detection method according to claim 19, 
wherein the object to be detected is water piping. 

25. A vibration detection method achieved by a sensor unit 
including the sensor device according to claim 19, and an 
information processing device, 

the method including: 
by the sensor unit, 

transmitting a plurality of first signals indicating the vibration 
acceleration detected by each of the plurality of first vibration 
sensors included in the first sensor group; and 
by the information processing device, 
receiving the plurality of first signals; 
calculating, based on the plurality of first signals, a first 

phase difference indicating a phase difference between 
the plurality of first signals; and 
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calculating, using the first phase difference and the plural 
ity of first signals, vibration acceleration in a first direc 
tion perpendicular to a surface on which the plurality of 
first vibration sensors are arranged, and vibration accel 
eration in a second direction parallel to the Surface. 

26. A non-transitory computer readable media storing pro 
gram for causing a sensor device including a first sensor 
group in which a plurality of first vibration sensors for detect 
ing vibration acceleration in one direction with respect to an 
object to be detected are arranged to face the same direction to 
achieve: 

a phase difference calculation function of calculating, 
based on a plurality of first signals indicating the vibra 
tion acceleration detected by each of the plurality of first 
vibration sensors included in the first sensor group, a 
first phase difference indicating a phase difference 
between the plurality of first signals; and 

an acceleration calculation function of calculating, using 
the first phase difference and the plurality of first signals, 
vibration acceleration in a first direction perpendicular 
to a surface on which the plurality of first vibration 
sensors are arranged, and vibration acceleration in a 
second direction parallel to the Surface. 

27. The non-transitory computer readable media storing 
program according to claim 26, 

the sensor device further including a second sensor group 
in which a plurality of second vibration sensors for 
detecting vibration acceleration in one direction with 
respect to the object to be detected are arranged side by 
side in a direction different from that in which the plu 
rality of first vibration sensors are arranged when the 
Surface is seen from a perpendicular direction, 

the program further causing the sensor device to achieve: 
a function of further calculating, based on a plurality of 

second signals indicating the vibration acceleration 
detected by each of the plurality of second vibration 
sensors included in the second sensor group, a second 
phase difference indicating a phase difference between 
the plurality of second signals; and 

a function of further calculating, based on the second phase 
difference and the plurality of second signals, vibration accel 
eration in a third direction different from the first and second 
directions. 


